Bes^Available Copy 



©Jnt.Cl. 
B 62 M 



3/08 



® B * B # VF fr (JP) 

W»&*(a) ¥1-269689 

@&B!i 1989) 10A27B 



6862-3D 



m m a 



©ft m BS63-97023 

6tt m (863(1988) 4£ 20 B 

* * ! IE » *B0SfPmm*^PWl008»Ji ttTSVM»Mfet*ttrt 



i 



i 



m 

I 

at * it* t«uft u r^jin-* 



(3) iftS^CCtS ntfflt 

st, casern:* t r + aartc&a^rai 
i. 

? > * cBtefl^catt^ fit* 
i««ftt/-n, * * * 9 agteeca « 

t«a^>(ift*r - «Bt*Hftft.fcatt*-t 
ftfti. 



-615- 



Bes^^ailable Copy 
t*>*Aft. 

flt*«ffa/)a*»cti>'i:tt\ fiesta 
auift&ntnncMxrotr jess 

nt*L. * 7 > 'un<titffiaft*«rftftAr 

*ft*lCLfcfcn*a*&itTv»ft. 

3 t» 0 - 1 S 0 9 4 2 fftl^f 



ac sitta < t:t*«t» 4 a ft « 
»** * p * t ft fc *> # a 

^a«K*E«*o0**<>t«^*<,ei«)KB 

fct ft-»#>«ft s«ir-| tn^st* 
»7>-vfc f :afeiiir.;?u»r- vine 

»fi*i»**tt, amy-!? t*(ttffenit« 




?!K)¥1-269G89 (2) 
tftjt^fctfciw^igshr^ft. 

ft*<9f lag**?*. 

±«£*Mi<c-s**B»tft***)Kniift 

* » 9 aBttBn&mtf Hf ft I vMBJB 

**:* ±E*^«C)H5t* nfc taCti^-Cl* 
4«fc«4f*>I**tt±Tv»ft ^flii-» 

*»wi*-tE***««jafce» % tc^t 



airexaittftctc**. *tt*g tt ?, y 
******** tuy- 
> u t«*r ft 6. 

H*^i:fltLftv^wi:|H4 AfcflEftl *> 
l£l»i:«C9^0M4'll^t ft 

*±tft£*i?ftft. 

ft fl 

fctftfc. *<t K***flWW**,*ft*»*« 

* l -c»«t*»ftt ft c t**r » ft. ft 



-616- 



Bes^vailable Copy 



sgjt 



i 

i 

'iwlA^b-*i:<tit, * ? > * tair - * 

a*r- » * flttaftft * * na^fta** 



?l HI IF 1-269689 (3) 

«t» *5Sfl<*« i ***** \ w&v a 

****** **u*«»ii3.<B*fi*fc*» 
s. . Sb^^nrntjis., 6b ltb 

ll t J t >\ > jjT — 9 #t IB v 

7-99., 9b *-*fc tBaBg5llt%< 5 . 
*E0tS7- A 7 * ft*8 * nfft 

*tt**fir-*io.. !0b«'t| 7 i % s 

b C<CB*fl f 9. . 

9fc iiir- no., i ob 



9 9. , 9b tll/Jn io., 1 Ob It 
Rfi?A9,aa*-«M0j. ,10b ttSft* 

» fir- 7 1 0. , 1 o b jtou * 1MB ir t u 

* . sb e*ur % **mizmt* itzrnzL* 
i 2b % sb e*ft*at» 

•♦It**, j 

- 9 1 Ob *'BTtttaLXv*fc# 

Ot , 1 Ob *tt6lt# l-CB**!*)**** 
C«JLtttIt»nt«||t4i:. 

s. . 5b r**na«a^c*f t-c*n^ft«* 



ft<»*MT-V9* . 9b 2:ont:|{tMi 
Ml., lib *'«@Sltr*.ifcA, &lfi 

r- i ot , i ob it*ny- m, 9b a 
• * ini*aiy-i/|Oi, l ob <f)|^c 

*nA,v ? i > * $ % * ft& A frrtfcB***. 

t*<0 * * * * 5 b B^WB(Oto< ittt«^ 

* * * * 5 b ttB«;?M5i Dttittl 

^tti*rn>Mi xnsb tats** 



-617- 



Bes^vailable Copy 



**. %<*X + 9 f 5 4 *»5b **>±JE 

#b - <r)ti« * retecttt , test*** 
wt*<, unseat** t&zt**?**. 
*** iaxnwtmiy- no», i o 

Stiitfi<, « n is . 5b tfttc 

SSti*» * * c nj<» a a 7 * » r l 2 « * 
i tb ^)iJ^fiAt;i»itftlcirf rt 5 
* * c«4t * Mt n »c^h«tti 



1 Ob fc*9#4tft*A7 



* d 7 1 2 » * 12b 
U?ll3i, 13b 



ioft<t»r - uoi . aob * t « * * & t 

fcbC. MM5i, 5b 
»t««<t»r-«) 1 9. | i 9b fcaflCftft 

»r~919t 1 19blii*9>?5a,5b 
OitUC^f/H 8 • , 1 fib tUCtOfi 

I 

»ltf)tKtty-V20», 20b ClStfft 
ttlt(»/Lt*A7» DT2 2i , Z 2 b ft* 
8 CftaftftCJgA * Itfc f <f V li 2 3 » „ 23 

«»r-920«, 2 0bttn>ni, 5b 

1 

k&»\ nmmrtt. mm 8 iciir- »m 

<>■ . 1 Ob t ftlt. Sbfey-f 



HC8¥ 1-269689 (4) 
(♦tt»»»«i eu^iAu 

IT 1 6 £ft£ftiy- v 1 0* % 10b Uttd 
***** ■) R»tU. 

i:E*l, A2 Xtt9ltli|||8 CII L fctl 
T-HOi, 10b tH«»tlir- I 9. . 
9b t«tA*h*tf|jSLt^, cmXMM-c 
tt*7**S* , 5b Cliy-«)i:»iStJ* 



ix«««iUM>Mi , 5b mar- 

910** ! 0 b * ttlt* ft* 8 ftlc* < KflL I 
Si * 12b fctttttt ivi. 

•heftXtt*'Xft*c#Pl#r>ft*t 

li A -fr 4> * "C b * *• . 

*»fl#>A«**>« life * nur. Ciini: 
«*ti*#ttfcl*y- » <*B£**»y 

»7*-*fc*;SlT*tt*iifc*«*tttt**<r> 

**f*?iftIlKLtt*'(> * 7 ??tt*7M HK<*> 



-618- 



Bes^^ailable Copy 

<)Plf»UI>. 

fist tttttttta^ffl* * am,,^ rttt 

a*. ! 

4 . BIO ft* * R9) ■ 

EBB. ft 3 Bfjt* 2 gftflaft 2 DO ^ 

! 

5 « , 5 b ^ > ^ 

8 ft ft 

i 

I 




i i 



ft 

9. , 9b *»r- 9 

i <>• * i ok » 

lit, lib fttf > HA , > 

12*. 12k U7tor 

1 3 • fc 13b <r-f K3L 

I s Bttff 

1 6 ttftftftStf 

19*, 19b f Sftftftft r- 9 

2 0., 2 0b ft 1 ftftft* y- t; 

2 1 » . 21b ftft ft «c* f 

22., 22b * a 7 * * 7 

23., t 3 b ~ ~- * 4 P 7L. 



SI 2 0 




-619- 



Best^vailableCopy 



BBB¥1-2K9689(6) 




-620- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

HI LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



: ROM OTEC RESEQRCH INC. 



2002. 3. 1 



J. : 28 



P. 7 



e 

I 



4> 3* 5fl 

42 5 ^ 

2^ 8 

£ < u 



c 

E 
a 
"r> 
cr 

LU 

c 

s 

c 
o 

CO 



1-1 
Ok 



I 

8 

s 

o 
S 



a> 



.5, 

13 



9 



CO 

E 
a) 

I 

o 

"co 
C 
<D 

a 

CO 

CO 

a> 

o 
>- 
a 

CO 



1-4 

Gi- 
rt 
X 

u 



<1> 

a> 
c 

o 
>* 
U 

■o 

c 
a 

o> 

M 

CO 

O 

CD 
CO 

1-4 

CI 

«« 
U 



c 



c 
*c 
o 

"to 
O 
Q- 

>- 
O 

CD 



D 

W 



i 



3 

« S 

a J t: 
^ is 



5 

I 



s 



pa 



6 S 

5t 





-a O § >< 2 O " g 



i £ g h H S 1 

" ia *£ .22 a> w <D 



Best Available Cbpy 




Cycling Biomechanics 



mechanics (see Figure 7.1). A duplicate of the instrumented pedal 
system reported by Wheeler, Gregor, and Broker (1992) is currently 
employed at the U.S. Olympic Training Center to test, evaluate, and 
train U.S. national team cyclists. 




Figure 7.1 



Instrumented piezoelectric bicycle pedal described by Wheeler, 
Gregor, and Broker (1992). The shoe-pedal interface can be adapted to provide 
toe clip, dipless fixed,; or clipless float compatibility. 



New Research Into Pedal Loading 

Although early pedal loading research primarily sought to describe the 
forces and torques that arise between the foot and pedal during cycling, 
more recent research has focused on preferred or optimal pedaling 
technique and the relationship between shoe-pedal interface loads and 
cycling-related injuries. Of particular importance to cyclists and scien- 
tists should be the latest findings concerning a revised interpretation of 
pedal force effectiveness, pedal torsion and the effect of pedal float on 
knee pain, pressure on the foot during pedaling, and the unique pedal- 
ing mechanics of disabled cyclists. 

I 

Force Effectiveness Reviewed. The forces cyclists apply to bicycle 
pedals are commonly used to characterize pedaling technique. These 
forces are typically measured and subsequently described in compo- 
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High-Tech Cycling 



surface, and the tangential force component acts along the surface of the 
pedal (in the fore-aft direction). If the pedal angle is known, the normal 
and tangential components can be resolved into "effective" and "inef- 
fective" components (Figure 7.2). The effective component acts perpen- 
dicular to the bicycle jcrank and thus is responsible for powering the 
bicycle. The ineffective component acts parallel to the crank and thus 
acts only to compress jor lengthen the crank. 



Pedal angle 




Fe: Effective force 
Fi: Ineffective force 
Fr: Resultant force 



Figure 7.2 



Effective (Fe) and ineffective (Fi) components of pedal loading. 
The effective component acts to drive the bicycle crank, while the ineffective 
component acts to lengthen or compress the crank. 

Researchers have commonly used the effective force component to 
describe pedaling quality (Cavanagh & Sanderson, 1986; LaFortune & 
Cavanagh, 1983). This; may be related largely to the direct relationship 
between the effective force profile and torque generation at the bicycle 
crank. Force effectiveness, displayed for one pedal as a function of crank 
angle in Figure 7.3, increases rapidly during the power phase (0° to 180°) 
and peaks shortly after the cranks pass horizontal (90°). Cyclists of all 
ability levels exhibit negative force effectiveness, that is, forces applied 
to the pedal that are perpendicular to the crank but in opposition to 
crank rotation, during recovery (180° to 360°) in steady state cycling. 
Cyclists correctly sense that they lift or pull up the leg during recovery; 
but they do not lift thejleg as fast as the pedal is rising. Thus, the leg gets 
in the way of the pedajl and, in a sense, the pedal helps lift the leg. The 
magnitude of the negative effective forces during recovery generally 
increases (gets more negative) as cadence increases (the pedal is rising 
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Figure 7.3 



Force effectiveness patterns versus crank angle for a U.S. national 

SamcycUstTedaling at 350 W, 90 rpm. Negative force effectiveness in recovery 
(180° to 360°) is typical, illustrating that the pedal acts to lift the foot and leg in 
this region. 

faster). Effective f Jrces during recovery are less negative (less counter 
productive) and m'ay even be positive during sprinting and climbing. 

Elite cyclists generally show reduced negative force effectiveness 
during recovery compared to recreational cyclists (they are lighter on 
the pedals during recovery), and the region of recovery during which 
they exhibit these inegative effective forces is typically smaller. Trus is 
usually achieved by the cyclist's generating positive crank torque, that 
is,posiuveeffecn^^ 

cycle) and late in recovery (as the pedal approaches the top of the cycle). 
We have seen one elite cyclist (national team member) generate com- 
pletely positive force effectiveness throughout recovery on one leg, but 
not the other, at a steady state test condition simulating a moderate- 

6 One-legged pedaling on a wind trainer and isolated periods of one- 
legged dominance during training appear to be good methods of 
dlveloping lightness in recovery and positive effective forces early and 
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late in recovery. Recognize, however, that recovery effectiveness does 

not necessarily reduce metabolic demand. Enhanced recovery phase 
effectiveness does reduce power demand on the opposite leg (in the first 
half of the pedal cycle) and represents a resource to draw on during 
high-level efforts. I 

In a study conducted by Browning (1991), effective force patterns 
(magnitude and timing) didn't change when elite iron man distance 
triathletes were movjed between a conventional position (approxi- 
mately 72° seat tube angle, hands on brake hoods), an aerodynamic 
position (approximately 72° seat tube angle, aero bars with elbow pads), 
and an advanced aerodynamic position (approximately 78° seat tube, 
aero bars with elbow pads). Browning concluded that aerodynamically 
motivated position changes may not compromise pedaling effective- 
ness as measured at the pedal. 

Finally, effective force patterns (magnitude and timing) did not 
change when experienced cyclists were fitted with three different shoe- 
pedal interfaces: conventional toe clip pedals, fixed clipless (no-float) 
pedals, and floating clipless pedals (Wheeler, Gregor, & Broker, in 
press). These findings suggest that pedal float does not compromise the 
delivery of power to the pedal under steady state cycling conditions. 

Fundamental Pedaling Dynamics and Force "Ineffectiveness." 

For years, researchers have suggested that ineffective forces (those 
parallel to the crank) do no useful work and therefore represent wasted 
energy. A fault exists in this logic, and the fault becomes apparent when 
one considers that the fundamental dynamics of the spinning leg, foot, 
and pedal system generate forces (measurable at the pedal) indepen- 
dent of muscular work, or energy cost. For example, large downward- 
directed forces are applied to the pedal at the bottom of the pedal stroke 
(Figure 7.4a). These forces, classically defined as "ineffective" in that 
they act to lengthen tl-ie crank and do not assist in propelling the crank, 
are largely generated |by the natural interaction between the pedal and 
the lower limb (as thej pedal acts to support and change the direction of 
motion of the lower limb from downward to upward), and not by active 
muscular contractions. In fact, if a cyclist were to pedal in such a way that 
these forces were minimized or eliminated altogether, significant muscle 
work would be required — and no additional bicycle power would 
result. | 

In 1993, Kautz and Hull presented a method to separate the funda- 
mental component of pedal loading from the measured pedal load. The 
fundamental component is generated by gravitational and inertial 
forces acting on the lower limb (nonmuscular in origin), which, because 
of the limb's connection to the crank, also acts on the pedal. Separation 
of the fundamental component of pedal loading from the measured 
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forces, which in turn: involves the complete description of** cm* 
S shank, and thigh kinematics (positions, velocity and accelera- 

nente of pedal loading computed for an 

pedaling at 400 W at 118 rpm are presented m clock diagram format m 
Lure 7.4a, 7.4b, aAd 7.4c, respectively. The measured pedal load 
K 7.4a) portrays the typical downward loading of the pedal as it 
ap^chesbottomdeadcen^^^^ 

opposes the direct^ of pedal motion during recovery. AJso, the mea 
suTed pedal loading at top dead center is directed nearly staight down- 
ed; tnis is commoUy described as a "nonproducttve^oadmg situa- 
tion The fundamental pedal loads shown in Figure 7.4b-ansing solely 





Measured pedal load 
a 




Fundamental component 
b 



Muscular component 



JSMSEM clock diagrams illustrating the measured (a), fundamental or 
ZST(b) ( ana muscular (c) components of pedal loading for an ehte V* 
nato^team cyclist. The muscular and fundamental components, which sum to 

A^nir* and active muscular contractions on pedal loading, respectively. 
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from the natural dynamics of the oscillating legs and their interaction 
with the pedals— clearly demonstrate that a substantial portion of the 
measured downward loading at the bottom of the pedal cycle (Figure 
7.4a) is, in fact, not due to muscular actions. Furthermore, fundamental 
pedaling dynamics ate responsible for the downward loading on the 
pedal as it rises in recovery (180° to 360°). 

The muscular component of pedal loading (Figure 7.4c) represents 
more of what the cycljst perceives during pedaling. Notice that muscu- 
lar actions work to drive the pedal rearward near bottom dead center 
and to lift the pedal jduring a large portion of recovery. Despite the 
actions of muscles, however, it is the fundamental (gravitational and 
inertial based) pedal dynamics that act to offset the muscular contribu- 
tions in these regions— producing the seemingly "ineffective" pedal 
force characteristic so commonly described (Figure 7.4a). This particular 
cyclist does not generate significant forward-directed forces (measured 
or muscular based) atjthe top of the pedal cycle, and could benefit from 
improving this aspect of her pedaling. 

i 

As a final point, separation of the fundamental component of pedal 
loading from the measured load may permit a more genuine represen- 
tation of "effective" and "ineffective" pedaling. As illustrated in Figure 
7.4c, for example, the muscular-based portion of pedal loading (that 
which the cyclist can readily control) would be represented by an 
effectivecomponent (perpendicular to thecrank) that is positive through- 
out most of the pedal cycle. What remain to be studied are the effects of 
such variables as training, fatigue, cadence, power output, skill level, 
and rider-bicycle geometry on the relationship between the fundamen- 
tal, muscular, and measured components of pedal loading. 

Pedal Torsion and Knee Injuries. Internal rotation of the tibia (e.g., 
counterclockwise rotation of the right leg when viewed from above) and 
knee valgus (a knock-kneed position) have been postulated to represent 
potentially injurious conditions for the knee in cycling (Francis, 1988; 
Sanderson, 1990). Furthermore, Francis (1986) and Hannaford, Moran! 
and Hlavac (1986) reported a positive relationship between the devia- 
tion from linearity of knee motion (when viewed from the front) and 
knee pain. These researchers experimented with orthotics and pedal 
cant to elicit more linear knee motion in cyclists. 

In search of a more complete understanding of knee pain and its 
source in cycling, biorri echanists employed instrumented bicycle pedals 
to examine the torsion generated at the shoe-pedal interface during 
pedaling. Torsion at the shoe-pedal interface arises as the foot in the shoe 
attempts to rotate about an axis perpendicular to the pedal surface 
(think of the release action of clipless pedals). Pedal torsion typically 



